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I NTRODUCT! ON

Understanding the factors affecting age at maturity is essential for
effective managenent of kokanee Oncorhynchus nerka in Ildaho's |akes. The
mat urati on schedul e of kokanee, which directly affects the nunber and size of
fish available for harvest, is influenced by genetic and physical environnental
factors, and also by fish quulation densities, stocking rates, growh rates of
fry (wild and hatchery-reared), and harvest rates.

Cenetic and environmental factors interact to influence the age at sexua
maturity of salnmonids such as kokanee (Ricker 1972; Gardner 1976). Early
maturing fish, i.e. those sexually mature one or nore years before the mpjority
of the age class, have been shown to produce a significantly higher proportion
of early maturing progeny in Atlantic salnon Salno salar (Thorpe et al. 1983;
d ebe and Saunders 1986) and coho sal non O kisutch (Twanmbto et al. 1984).

A higher proportion of early maturing fish has been reported in severa
studies when growth rate increased as a result of high feeding ration (reported
by Crandell and Gall 1993) and hi gher tenperature (Saunders et al. 1983). Thorpe
(1986) reported evidence that increased growh rates decreased age at maturity

for many salnonid species, including kokanee. Although age at maturity is
heritable (Naeval 1983) and influenced by genetic factors (Bailey et al. 1980
Thorpe et al. 1980; Sutterlin and MacLean 1984), environnental conditions
i nfluence phenotypic expression of that trait. An i ndividual fish's
devel opnental history, therefore, is influenced by interacting genetic and

environmental factors that in turn affect age at maturity and the fish's ultimte
size (Scarnecchia 1983).

Al t hough age at sexual maturity is influenced by genetic and environnmenta
factors, the physiological processes involving the initiation and conpl etion of
sexual maturation are poorly understood. It is known that photoperiod and, to
a | esser degree, tenperature have inportant regulatorg roles in controlling the
completion of sexual maturation (reviewed by Lam 1983). Dustin and Saunders
(1992) suggest that the commencenment of sexual maturation in Atlantic sal non
occurred during increasing day l|lengths and nodelled the maturation "decision
period" around the apex of the |ongest days (sunmer solstice in the northern
hem sphere) and the conpl eti on of sexual maturation on decreasing day |engths.

The regulatory role of environmental factors in the initiation of
maturation is not well understood. The time when outward physiol ogical changes
becomre mani fest may be |ater than when the physiol ogi cal decision to mature was
actually made. In Thorpe's (1986) review, he concluded that instantaneous growh
rate in spring was inportant for maturation and hypothesized "that salnon are
physiologically aware of their spring (increasing day Iength) growt h-rate through
their rate of acquisition of surplus energy, and hornone kinetics associated with
its storage: that, provided this rate is above a genetically determ ned |eve
in the early spring when fish are sensitive to photoperiod stinulation of their
gonadot rophi'c hornone system gonad maturation will be triggered and reall ocation
of energy resources to include maturation be set in train." Brett and Shel bourn
(1975) reported first feeding fry showed the highest potential instantaneous
growt h. Thorpe's hypothesis, therefore, suggests that the physiol ogical decision
is made early in life. In contrast, Peterman (1985) reported variation in nean
age at maturity anong Bristol Bay stocks of sockeye salnon for fish of the sane
smolt class. His results suggest that the physiological decision to mature is
not made early in life, but 1s influenced by events later in life, specifically
early in their marine phase of their life cycle. O her studies suggest spring
fat reserves influence age at maturity (Rowe et al. 1991; and social competitive
interactions influence sexual maturation (Metcalfe 1991). Although the factors
affecting initiation of sexual maturation are poorly known, it is generally
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t hought that once the physiological decision is made the maturation processes are
irreversible in senel parous speci es.

Specific genetic and environnental factors initiating sexual naturation are
unknown. Factors interacting and regul ating sexual development in iteroparous
species like Atlantic salnon nay not control sexual developnent in seneIParous
speci es |ike kokanee. Sexual maturation in salnmonids is energetically costly and
a termnal rocess to kokanee. The maturation process would, presumably, be
triggered only if a fish had attained an energy threshold that would result in
viable ganetes. It is likely, therefore, that the environnment influences the
rate of attaining energy t hreshol ds and these energy thresholds are genetically
control l ed by successful reproduction

In this paper we will develop criteria for staging gonads of kokanee using
hi st ol ogi cal methods and anal yze gonad devel opnent from three kokanee popul ati ons
in ldaho. Wt intend to distinguish sexually maturing from imuature kokanee and
detect the initiation of sexual maturation. W assess initiation and progression
of sexual maturation by histological evaluation of gonads, by developing a
gonadosomatic index based on percent gonad weight to body weight, and by
observing changes in visceral fat. W analyze otoliths to assess annual growth
from si x kokanee populations in Idaho. Finally, we test three growh hypotheses
regarding the initiation of maturation

GOAL

To influence age of maturity to provide nore |arge kokanee

OBJECTI VES
1. Devel op histological staging criteria for kokanee gonads.
2. Di stinguish sexually maturing fromimmture kokanee gonads.
3. Determine nonthly changes in the gonadosomatic index for kokanee

from Coeur d' Al ene Lake.

4, Test three research hypot heses:
a) The "physiol ogi cal decision" to mature occurs during the first
grow ng season (first 122 days of feeding) as age 0+ fish.
b) The "physiological decision® to mature occurs during the
second grow ng season as age 1+ fish
c) The "physiol ogi cal decision" to mature occurs during the third

grow ng season as age 2+ fish

| daho' s Kokanee Fi sheri es

The kokanee or nonanadronous O nerka provides fishing opportunity to
I daho's anglers. In 1987, a statew de survey riforted nearly a fourth of Idaho's
anglers fished 230,000 days for kokanee (Rei 1989). Many kokanee fisheri es,
however, show extrene fluctuations in population abundance and the quali%y of
fishing. Lake Pend Oreille supported a sport and comrercial harvest of 1,000, 000
fish annually from 1951 to 1957 (Buss 1957), declining to 100,000 fish by 1987

(Bowl es et al. 1987), then rebounding to 230,000 fish in 1991 (Paragam an et al
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1992). Coeur d' Alene Lake supported a sport harvest of 500,000 fish annually
from 1979 to 1981 (Rieman and Mers 1990; Mauser and Horner 1982) before
declining to 164,000 fish in 1986 (Horner et al. 1987). Estimates of kokanee
harvest from Spirit Lake have ranged from 59,000 fish in 1981 to 102,000 fish in
1992 (Nelson 1994, in preparation). Estimates of annual kokanee harvest from
Dwor shak Reservoir have ranged from 200,000 fish in 1988 to 100,000 fish in 1990
Maiolie et al. 1991). In Priest Lake, the kokanee harvest declined from nearly
00,000 fish annually in the 1960s to only a few fish by 1975, when I|daho's
record fish (3.15 kg) was caught. The nunbers of kokanee adults trapped in
Deadwood Reservoir increased from 120 fish in 1986 to 35,400 fish in 1993, but
mean size decreased from36 cmin 1986 to 21 cmin 1992 (Lowell 1993).

Si nce kokanee are senel parous (spawn once and die) and typically small (<30
cn), a quality kokanee fishery is predicated on size and abundance. A quality
fishery for kokanee requires that maturation be delayed until fish are of
sufficient size (at least 20 cm) to be available to anglers. Vulnerability to
anglers increases with increasing size (Rieman and Myers 1990). Kokanee |arge
enough to support a quality fishery are typically 25 cmin length rraturin? at
two, three, or four years of age. Instability in the fishery may result from
changes in maturation schedul es.

Idaho fishery biologists request 15 to 20 mllion kokanee fry annually for
stocking in nunmerous |akes and reservoirs. Hatchery managers have becone
concerned about the influence of factors, such as growmh rate and rearing
density, on kokanee age at maturity. Understanding the effects of hatchery
rearing practices on rmaturation schedules is essential for effective
suppl enent ati on of kokanee stocks with hatchery-reared fry.

METHCDS

The first step is to age and determ ne the gonadal devel opnent stage of
kokanee collected in Coeur d' Alene Lake, Dworshak Reservoir, and Lake Pend
Oeille. The second step is to determne when the transition of immuature to
mature can be detected. The third step is to deternmine the effects of growth
rates, age O+, age 1+, and age 2+, on hatchery-reared kokanee and annual growh
rates of six natural kokanee popul ations, on maturation schedul es.

Nat ural Popul ati ons

) Kokanee were sanpled from six popul ations selected to provide a range in
size and age at maturity: one lake with primarily age 4 spawners, Pend Oeille;
three lakes with primarilly age 2 and age '3 spawnérs,  Coeur d' Al ene, Deadwood and

gaye_t%e; and two lakes with primarily age 1 and age 2 spawners, Dworshak and
pirit.

From May to Cctober 1992 and March to October 1993, nonthly sanples of
kokanee from age classes one, two, and three were collected from Coeur d' A ene
Lake. The standard sanple size for each age class was 25 fish. In July 1992 and
1993, fish from age classes 1 and 2 were collected from Darshak Reservoir. In
Sept enber 1992 and 1993, fish from age classes 1, 2, 3, and 4 were collected from
Lake Pend Qeille. W captured fish with a md-water traw, measured their fork
lengths to the nearest nillimeter, weighed them to the nearest gram and
tentatively assigned themto age classes based on length. W surgically renoved
both gonads and fixed themin either 10% buffered formalin or Bouin's solution.
Conads were weighed to the nearest milligramin the lab after blotting dry. The
fish's otoliths (sagittae) were renoved for aging. Visceral fat of each fish was
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estimated in 1993 using a nodified categorical rating of visceral fat (Goede
1993) (Table 3).

In Septenmber 1992 and 1993, spawni ng kokanee were collected from Payette

Lake, Spirit Lake (1993 only), and Deadwood Reservoir. Fork length and total
| engths were neasured and otoliths renmoved for aging.

Hi st ol oqi cal Procedures

Foll owi ng fixation and wei ghing, gonads were trimmred, oriented, dehydrated
in alcohol, and infiltrated with paraffin. Longitudinal sections were cut from
gonads less than 1.0 g; transverse sections were cut from the anterior portion
of larger gonads (greater than 1.0 g). Sections were cut six to eight umin
t hi ckness and stained with hematoxylin and eosin (H & E)

Stai ned sections were studied using a conmpound m croscope at powers ranging
from 40x to 450x. The separation of ovarian devel opment stages (Table 1) was
based on the cellular structure and staining characteristics of the npbst advanced
oocyte observed (Yananato et al. 1959; van den Hurk and Peute 1979; Wallace and
Sel man 1981; Nagahama 1983; Ng and Ildler 1983). The separation of testes
devel opnent stage (Table 2) was based on cellular structure and staining
characteristics.

GConadosonati ¢ | ndex and Condi ti on Fact or

The gonadosomatic index (GSI) was cal cul ated as:

GSI = (gonad wei ght / body weight) x 100
Condition factor (K) was estinmated as:

K L3/ w

where L

fish length in millimeters (mm

w = fish weight in granms (g)

Agi nq and Back-Cal cul ati on of G owth

We aged fish by counting the nunmber of annuli on the sagittal otolith.
Qolith nmeasurenents and annuli enuneration (aging) were performed using the
Optical Pattern Recognition System (OPRS). The OPRS neasures light lumnosity
delineating opaque (summer growth) and translucent (winter growh) zones,
di spl ays the degree of |um nescence on a Video G aphic Adapter (V&) nonitor, and
di splays the otolith imge on a second nmonitor. Measurenents along a selected

radius are taken with a digital pad and nouse.

) Fish length at each age was back-calculated by neasuring the |inear
distance (radius) from the sulcus nucleus of the otolith to each annulus. This
linear radius was 25° plus or minus 5° from the sulcus acusticus radius. The
length at n years was cal cul ated using the Fraser-Lee fornula:

Lna+ (L - a) (V) I (V,)
where L. = fish length at n years
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a = 20 mm (estimated by approxi mati on | ength of fish
at otolith formation)
L = fish length at time of capture
V, = otolith radius distance fromthe sul cus nucl eus
to the nth annul us
V, = otolith radius fromthe sulcus nucleus to otolith edge

'From these back-cal cul ations of length at each age annual growth rates were
det er m ned.

Back-cal cul ated | engths were verified by conparison with age-Ilength
relationship of fish collected in 1992 and 1993.

Hat chery Popul ati ons

To deternmine the effects of growh on the incidence of naturation, three
experinents were conducted using Lake Pend Oeille kokanee reared at three Idaho
Departnent of Fish and Gane fish hatcheries (Cabinet Gorge, Cark Fork, and
Sandpoint). For Experiment One, growth rates were mani pul ated March through July
1992 during the first year (age 0+) of life; slow growth, internediate growh,
or fast growth. For Experinent Two, growth rates were nanipul ated June 1992
t hrough January 1993 during the second year (age 1+) year of life; slow growth
or fast growth. For Experiment Three, growh rates were mani pul ated May through
Decenber 1993 during the third year (2+); slow growth or fast growth.

Experi nent One (Age Ot)

To test the research hypothesis that the "physiol ogical decision" to mature
occurs during the first growing season (the first 122 days of life) as age O+
fish, growmth rates of six groups of 2,000 fish each were nmanipulated by
controlling water tenperatures and feeding regines. Two groups of fry were
reared at Sandpoint Hatchery on a slow growth schedule at 7°C with intermttent
feeding. Two groups of fry were reared at Oark Fork Hatchery on an internediate
gromh schedule with natural water tenperatures (seasonal and daily fl uxes;
m ni mum tenperature 5°C and maxi mum tenperature 12°C) and received full ration.
Two groups of fry were reared at Cabinet CGorge Hatchery on a fast growh schedul e
at 11°C and received full ration. Fish were raised under simlar densities, flow
i ndices (Piper 1970), and diets. Each growh group was replicated. Fish were
started on feed March 9, 1992.

: After 122 days .of rearing.(Jul 7, 1992), 1,000 fish from each grou r
fin-clipped and t_aR/e fc} sh consoql(dJate% ]l'n_to tv\c? (1, 1807—I|_ter) _co_ntalanerg atpd_\%rﬁ
Fork Hatchery. Fish fromthe three rearing groups were identified by fin cI|Rs:
no fin renoval (slow growh), right ventral  fin renoval (|nterrred|ate_tgrowt 2)
and left ventral fin renoval (fast growh). Each container was |oaded wi fh 1,000
fish from each of the three groups. Ex&ess fish were released. The fry were
reared wunder natural  tenperatures an phot operi od mninum w nter ~ water
temperature 3°C and naxi num sumer tenperature 1 °C% . To determine growth rates,
30 fish per rearing group from each of the replicated tanks were neasured
nmont hl y.
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An epi zootic of Bacterial Kidney Disease (BKD) occurred in fish in both
Clark Fork Hatchery containers in June 1993. Medicated (91.77 nmg erythromycin
Ggr ki | ogram body weidght) feed treatment began July 16 and continued for 25 days.

estimated 13% and 17% of the fish died of BKD, respectively, in the two
containers. Mrtality was simlar in each group.

Experi nent Two (Acre 1+)

To test the research hypothesis that the "physiol ogical decision" to mature
occurs during the second grow ng season as age 1+ fish, growh rates groups were
mani pul ated. Fish were reared identically from md-March 1992 until June 15,
1993 when growth rates were mani pul ated at Cabinet Gorge Hatchery by feeding
regines: four groups of 12,500 fish each were reared on a fast growh schedul e
and fed full ration, and two groups of 1,000 fish each were reared on a slow
grow h schedule and fed intermttently. Intermttent feeding schedul es were one
week on full ration and three weeks off ration. Al groups were reared below 0.5
density index and 1.0 flow index (Piper 1970) at 10°C to 12°C. The slow growth
groups were then transferred in January 1994 to Sandpoint Hatchery and sw tched
to full ration. The fast growh groups renmi ned at Cabi net CGorge Hatchery and
continued to be reared on full ration. A standard 30-fish sanple from each group
was neasured nonthly and their condition factor estimated.

Fish in all six containers were infected with BKD, but the fish were not
treated. The epi zootic began in August 1993 and is still apparent. Losses up to
February 1, 1994 were estinmated at 42%in fast growh groups and 65%in the slow
EFOWth groups. Fish with clinical signs of BKD (bloated body, body fluids,
i dney | esions) were not exam ned.

Experi nent Three- Acre 2+

To test the research hypothesis that the "physiological decision' to nmature
occurs during the third growi ng season as age 2+ fish, fry 50 to 70 mmin length
were obtained from Cabinet Gorge Hatchery in July 1991. Fish were reared
identically from md-March 1991 wuntil My 1, 1993 when growh rates of four
?roups of fish were mani pulated by feeding reginmes. Two groups of fish with 198
ish and 190 fish, respectively, were reared on a fast growth schedule (full
ration, 1% daily). Two groups of fish with 183 fish and 191 fish, respectively,
were reared on a slow growh schedule (intermittent ration, 1% daily for the
first seven days of the nmonth and nothing the rest of the nmonth). Al groups
were reared below 0.5 density index and 1.0 flow index (Piper 1970) at 7°C_ A
standard 30-fish sanmple from each group was measured nmonthly and their condition
factor estinmated. Feeding stopped Novenmber 1, 1993.

Ri pe fish were spawned in Novenber and Decenber 1993. Eggs were neasured
and enunerated. Inmature fish (not spawned) were killed and sexed.

Anal ysi s

Statistical Methods

For Experinment One, the null hypothesis was that the physiol ogi cal decision
to mature did not occur during the first growing season (first 122 days of
feeding) as age 0+ fish. The research hypothesis was that the physiol ogical
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decision to mature occurs during the first growing season (first 122 days of
f eedi n?) as age O+ fish. For Experinent Two, the null hypothesis was that the
physi ol ogi cal decision to mature did not occur during the second grow ng season
as age 1+ fish. The research hypothesis was that the physiological decision to
mat ure occurs during the second growi ng season as age 1+ fish. For Experinent
Three, the null hypothesis was that the physiological decision to mature did not
occur during the second growi ng season as age 2+ fish. The research hypothesis
was that the physiological decision to mature occurs during the third grow ng
season as age 2+ fish. W tested the experinents based on analysis of variance
(ANOVA) and pairwise nmultiple t-tests at the 0.05 significant |evel.

Differences in egg size, total egg weight, fecundity, and fish size were
tested with 2,500 random (Monte Carlo) pernutations for sanple size |ess than 30,
and t-test for sanple sizes 30 or greater at 0.05 significance |evel.

RESULTS AND DI SCUSSI ON

Agi ng Val i dation

The observed lengths from the 1990, 1991, and 1992 cohorts were conparable
to their back-calculated lengths (Figures 1, 2, 3), and the 1990 cohort's back-
calculated lengths were simlar when sanpled in 1992 or 1993 (Figure 4). In
Figure 3, the back-cal cul ated nean IengEth is above that observed in the growth
curve, but the two standard errors (SE) around the back-cal cul ated mean does
enconpass the observed nean length. Biological factors, such as natality,
predation, em gration, and/or sanpling bias could cause this slight discrepancy.

The time of annulus formation on the otolith varied between individual
kokanee. W detected the start of its formation in older fish as early as
COctober 29, 1992 (the last sanple date of the year), but the annulus was not
completely formed around the periphery. Wen sanmpling resuned in late wnter
March 17, 1993), annulus formation was conplete in about 70% of the fish.

nulus formation was conplete in alnmost all fish (84/85) by April 23, 1993.
April 1 has, therefore, been set as the date of annulus formation and the date
that back-cal cul ated | engths are associated with.

Qur results suggest the Fraser-Lee equation is a reasonable estinmate of
back-cal cul ated fish lengths (Figures 1, 2, 3, and 4). Al though nunerous ot her
met hods can be used to back-calculate | ength (reviewed by Carlander 1981; Francis
1990; Ricker 1992), our results indicate the Fraser-Lee equation provides an
adequate estinmate for this study.

CGonadal Devel opnent

Ganetogenesis in fish follows the general vertebrate pattern. Kokanee
ovari es devel op through a sequence of nmitotic proliferation, neiotic divisions,
primary oocyte growth, cortical alveoli formation, vitellogenesis, and maturation
(Wallace and Selnman 1981; Willace et al. 1986). Simlarly, kokanee testes
develop by mitotic proliferation and neiotic division. Fenale kokanee conmence
oogenesi s early in life and nmal e kokanee commence spermatogenesis late in life.

In nost tetrapods, gonadal developnment is regulated by two pituitary
onadot r opi ns %GTHS)Z | ut ei ni zi ng hor none éLH)_ and follicle-stinulating hornone
?FSH). Al't hough regulation of fish reproduction by one or two GIHs has been
controversial, Swanson et al. (1990) isolated GIH | (analogous to LH and GIH I
(anal ogous to FSH) frompituitari es of spawning coho sal non. Furthernore, the
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results of Yan et al. (1992) indicated distinct receptors for salnon
gonadotropins | and Il in thecal and granulosa cells of coho salnbn ovaries.
These findings indicate that the hypothal anus-gonadal axis functions in teleosts
in much the sane way as in other vertebrate ani nals.

Description of Qocyte Devel opnent

St age One

Al t hough stage one oocytes were not observed in the present study, they
have been described in capelin by Forberg (1981). Stage-one oocytes are forned in
smal | clusters. The nucl eus occupies 75% of the total diameter. The cytoplasmis
weakl y basophilic while the nucleus is nore basophilic. Bronage and Cunaranat unga
(1987) reported that oogonial (Stage 1) oocytes, found in rainbowtrout 0 and 90
days post-fertilization, were in the synaptic |eptotene prophase of neiotic
di vi si on.

St age Two

Stage two oocytes are characterized by basophilic staining of cytoplasm and
nucl eus. Weak or strong staining may be an artifact of preservation; however,
the nucleus is typically a darker blue than the cytoplasm The nucleus is round
with several perinucleoli (dark stained) in or on its periphery. The follicle

| ayer (theca) consists of squamous-type cells. Mesentery tissue is found between
oocytes (ova), and ova still occur in clusters.

St age Three

Stage three oocytes are characterized by basophilic staining of cytoplasm
and nucleus. The nucleus is round with several perinucleoli (dark stained) in
or on its periphery. Sone ova have a "l acy" appearance which nmay be an artifact
of preservation or cytoplasmc organelles. Non-staining vacuoles appear in the
crtoplasnland increase in nunber and may devel op nuclear-like centers (cortica
alveoli) as the fish progress through this stage. The follicle layer (theca)
consists of squanpbus-type cells. Bromage and Cumaranatunga (1987) reported
rai nbow trout in di?lotene prophase of neiotic divisions. Russell (1992) reports
tetrapod ova in diplotene prophase remain resting in this stage until the onset
of puberty.

St age Four

Stage four oocytes are characterized by basophilic cytoplasm and a weak
aci dophilic (light red or purple) irregular shaped nucleus. Balinsky (1970)
suggested the irregul ar nuclear shape is caused by the transportation of RNA into
the cytoplasm used in the building of yolk. Several perinucleoli persists on the
peri phery of the irregular outline of the nucleus. Nunerous cortical alveol
(non-staining vacuoles) fills the cytoplasm The follicle layer starts
differentiation into thecal and granul osa |ayers. Russell (1992) suggested the
irregular nuclear shape is a progression into the diakinesis stage of neiosis
The diakinesis stage is followed by nore rapid progression of the remaining
(et aphase, anaphase, tel ophase) neiotic divisions.
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St age Five

Stage five oocytes are characterized by the zona radiata, an acidophilic
stai ning nmenbrane on the periphery of the cytoplasm The cytoplasm beconmes | ess
basophilic and cortical alveoli (non-staining vacuoles) nearl fills the
cytoplasm The irregular shaped nucleus becomes nore acidophilic. Severa

erinucleoli persist on the periphery of the irregular outline of the nucleus.
he follicle layer continues differentiation into follicle thecal and granul osa
| ayers.

St age Si x

Stage six oocytes are characterized by distinct thecal and granul osa
follicle layers. The granulosa |ayer consists of cuboidal cells that appear
between the zona radiata and theca. The cytoplasm becones |ess basophilic and
cortical alveoli (non-staining vacuoles) nearly fill the cytoplasm The
i rregul ar shaped nucl eus becones nore aci dophilic. Several perinucleoli persists
on the periphery of the irregular outline of the nucleus. The zona radiata
wi dens and contains distinct radial striations. Balinsky (1970) showed such
striation to be pore throu?h whi ch cytoplasmic mcrovilli penetrate for netabolic
exchange between follicle Tayer(s) and oocyte.

St age Seven

Stage seven oocytes are characterized by acidophilic fat globules in the
cytoplasm The thecal and granulosa | ayers are distinct. The cortical alveol
(non-staining vacuol es) disappear in late stage-seven fish. Several perinucleol
persists on the periphery of the irregular outline of the nucleus.

St age Ei ght

Stage eight oocytes are characterized by mgration of the nucleus toward
he micropyle on the oocyte periphery. This stage was not detected in our study.
t is easier to distinguish this stage using macroscopic techniques rather than
i

t
I
hi st ol ogi cal ones (West 1990).

Atresia

Two types of atretic oocytes were detected. The first type,
previtel |l ogenic atresia (Type 1), includes oocytes not recruited into
vitellogenic stages but renmaining in stage three. The second type,
postvitellogenic atresia (Type 2), includes oocytes recruited into vitellogenic
stages but failing to mature. Ova undergoing Tyee 2 atresia were surrounded by
many | ynphocytes. Bromage and Cumaranatunga (1987) suggested that atresia is an
i nportant determ nant of spawning fecundity. In poor environnmental conditions
for example, a fish could physiologically sacrifice fecundity to assure viable
ganetes. The atretic process and reallocation of that energy would be inportant
for successful reproduction. Sone flexibility in the trade-off between fecundity
and egg size would result.
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Description of Testes Devel opnent

St age One

Stage one testes are characterized by weak basophilic and acidophilic
stai ning. Spermatogonia surrounded by thick connecting tissue form cysts. Round
shaped spermatids are present but in | ow nunbers.

St age Two

Stage two testes are characterized by stronger staining characteristics and
an increase in size. Lighter stained tissue surrounds darker, round spermatids
appearing "donut” shaped. Late stage two is characterized by numerous
spermati ds.

St age Three

Stage three testes are characterized by notile spermatozoa. Stage three
testes were not detected in this study.

Nat ur al Popul ati ons

Coeur d' Al ene Lake

Anal ysis is not conpleted. The 1993 sanples are sunmarized in Tables 4 and

Simlar tables summarizing data collected in 1992 will be conpleted by My
1994,

Gonadosonati ¢ | ndex

Energy allocati on changes when kokanee are maturing as energy resources are
diverted from somatic to gonadal growh. W detected a change in gonadal growth
b{ May of the spawning year in both male and fermale Coeur d' Alene Lake kokanee
(Figures 7 and 8). Ovarian growh coincided with stages 5, 6 and 7 and
testicular growth with stage 2.

Fat |1 ndex and Condition Factor

W detected a difference in energy reserve use between nmaturing and
i mmature Coeur d'Alene Lake kokanee. The condition factor of inmature kokanee
(age 1+) increased from May through Cctober 1992, but declined by late w nter
(March 17, 1993). During the winter period, fish weight declined with no visible
visceral fat remaining by March; fish length increased during this period (Figure
5). In contrast, the condition factor of age 2 kokanee also increased during
the May to Cctober period, but remmined the same through the winter with little

PROSS93
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change in body weight or length (Figure 6). These fish, now age 3, retained
their visceral fat, unlike the age 1 and age 2 fish.

Both age 1 fish and age 2 fish (immture) had little energy reserved in
visceral fat by March 1993. Both age groups devel oped visceral fat reserves by
Cctober 1993 (Tables 4 and 5). In contrast, age 3 fish (stage 5) had energy
reserved in visceral fat in March 1993. Energy reserves decreased by Cctober, as
energy was allocated into reproduction. Qur results suggest a cyclic progress in
visceral fat reserve. Acquisition of energy is apparently inportant for immature
fish to survive through the w nter; however, acquiring and retaining energy
reserves for specific use is inportant to the maturation process. It is unknown
whether retention of energy reserves through the winter causes naturation or
mat urati on process causes retention of energy reserves.

Lake Pend Oeille

Anal ysis is not conpleted.
Dwor shak Reservoir

Anal ysis is not conpleted.
Spirit Lake

Anal ysis is not conpleted.
Deadwood Reservoir

Analysis is not conpleted.
Payette Lake

Anal ysis is not conpl eted.

Hat chery Popul ati ons

Experi ment One- Age 0+

Experiment One has not been conpleted. W are unable to test the
hypot hesis that the physiological decision to mature occurs during the first
growi ng season (the first 122 days of life) as age O+ fish. The incidence of
maturation will be based on Stage five ovaries and Stage two testes. Data
collection and analysis will be conpleted in May 1994.

.. Al three early rearin% groups produced age 1 nmature nmales in 1993. The
a|9n|f|cance %f this "has not been determ ned. No mature or maturing femal es were
etected in 1993.
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Size differences caused by the rearing treatments have persisted throughout
the experinent. Fast early growth, therefore, supports a circular (cause or
effect) argunent resulting in two possible conclusions to rejection of the null
hypothesis. First, high i1nstantaneous growh during the first grow ng season
initiates the maturation process producing a higher proportion of early nmaturing
fish. O secondly, faster growing fish obtain a certain size threshold earlier
inlife resulting in a higher proportion of early maturating fish.

Experi ment Two- Age 1+

Experiment two has not been conpleted. W are wunable to test the
hypothesis that the physiological decision to mature occurs during the second
%rowi n?_ season as age 1+ fish. The incidence of maturation will be based on
tage five ovaries and Stage two testes. Data collection and analysis wll be
conpleted in May 1994,

Experi ment Three-Age 2+

In nmales, 65% and 57% nmatured in the tw "fast" treatnent replicates
conpared to 60% and 58% matured in the two "slow' treatnment replicates. There
was nho significant difference in maturation anong the four replicates (p=0.56).
After collapsing into two treatments, "fast" and "slow, " there was no significant
di fference between groups (p=0.72).

In females, 25% and 39% matured in the two "fast" treatnent vats, and 39%
and 43% matured in the two "slow' treatnent vats. There was a significant
difference anong the four vats. Using multiple "t" conparisons, the "fast"
treatment with 25% incidence of maturation is significantly different from the
other three. Two scenarios could have caused this difference. The first is that
fast growth retards maturation developnment. The second is that we |oaded a
di sproportional nunber of immture fenmales into that "fast" treatment vat. Since
the first scenario contradicts extensive literature reviews, we support the
second scenari o.

W failed to reject the null hypothesis that the physiol ogi cal decision to
mature did not occur during the third growing season as age 2+ fish. W concl ude
that the physiol ogical decision to mature occurs prior to the growi ng season
preceding spawning and is irreversible after May 1 of the spawning year. Poor
?rowt h the sumrer preceding spawning significantly (dp<0. 001) reduced fish size,
ecundity, egg size, and total egg weight (Table 6 and 7), but did not change the
i nci dence of naturation.

Since fermale fish sanpled in Coeur d' Al ene Lake had progressed into Stage
five and/or Stage six by April and May of the spawning year and nale fish into
Stage two, it seens likely these stql%es are good indicators of irreversible
mat uration process (Tables 4 and 5). e result of this experinent, therefore,
allows us to use Stage five (females) and Stage two (males) as indicators of
irreversible maturation process when anal yzi ng experiments one and two.

PROSS93 12



Table 1. Ovary stages and distinguishing characteristics.

St age No. Characteristics

Oogoni a 1 Smal | nested oocvte.

Primary Oocyte 2 Germi nal vesicle (nucleus) occupies nost of
the cell. Little ooplasm (cytoplasm

Peri nucl eol us 3 Many nucl eoli on germ nal vesicle periphery.

Non- st ai ni ng vacoul e appear, becone nore
apparent and numerous around oopl asm
periphery in |arger fish. Thecal nenbrane
squanmous cell type

Cortical Al veoli 4 Nucl eus becones nore acidophilic and
(Early) |rregu!ar shaped: ﬂNucIear—I|ke" cortica

al veol i ? (non staining vacuol es, H&E) appear.
Thecal menbranes begins differentition to
aranul ose (colummar cell type)

Zona Radi ata 5 Striated zona radiata (red staining inner

(Late) nmenbr ane) appears.

Ol Drop 6 O | drops® (red-staining droplets H&E)

(Early appear. Yolk vesicles still apparent,

Vi tel | ogenesi s) filling nost of ooplasm Distinct thecal and
ar anul osa nenbr anes.

Yol k 7 Q| drops consolidate. Zona radiata

(Late t hi ckens.

Vi tell ogenesis)

M gratory 8 Peri nucl ei di sappear. Gerninal vesicle
m grates toward pole.

b

@referred toin literature as "yolk vesicle, yolk granules, yolk

precursor, non staining vacuol es”
referred to in literature as "fat vesicles. vacuoles or alobules. fattv
or lipid droplets, w ne-staining vacuole, staining-yolk vesicle, yolk

granul e"
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Table 2. Testes stage and di stingui shing characteristics.

Characteristics

St age No
Pri mary 1 Spermatogonia in cysts fornms lunps. Thick
Sper mat ogoni a | avers of connecting tissue surround cells.
Secondary 2 Cysts increase in size. Space in center
Sper mat ogoni a form ng "donut" shapes.
3 Appearance of spermatid and spernat ozoa.

Sper mat ocyt e
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Tabl e 3.

Percent of pyloric caeca covered with visceral fat.

Per cent Cat egori cal Description
Nunber

0- 9 1 No fat between caeca.

10 - 49 2 Fat present between caeca but |ess
than wi dth of caeca.

50 - 89 3 Fat present between caeca and greater
than the wi dth of caeca.

90 - 100 4 Fat al nost conpletely covering caeca
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Table 4. Testicular stages and fat index of age 1, 2, and 3 male kokance sampled from Cocur d’Alenc Lake in 1993.

Age Sample Date Mean Fork Mean Weight in Sample Testes Stages Fat Index

Length in mm ( | grams (SE) Size

SBE) 1 2 1 2 3 4
I 17 March 73 O 32 (0.9 10 10 10
I 23 April @ 3.2 (0.6) 10 10 10
I 27 May 89 (6 6.7 (1.5 15 15 14 1
I 1 July 108 (9 12.8 Q.0 12 12 3 9
I 16 July 117 (13) 17.1 4.7 14 14 1 12 1
I 26 August
I 20 September 144 (10) 31.0 8.3) 12 12 8 4
I 15 October 152 (10) 377 3.0) 17 17 4 10 3
o 17 March 137 O 224 @3 13 13
n 23 April 140 (10) 23.8 (6.3) 15 15 9 4 1 1
I 27 May 139 (6) 25.6 (3.6) 12 12 12
o 1 July 154 (6) 374 4.0 12 12 11 1
o 16 July 164 (9) 472 3.1) 20 20 18 2
n 26 August 178 (9 63.6 (5.8) 9 9 7 2
i 20 September 186 (13) T2.9 (16.1) 18 16 2 2 3 13
i 15 October 179 O 728 (7.6) 16 16 16
m 17 March 201 (®) 87.5 0.7 13 1 12
m 23 April 205 (13) 91.2 (14.4) 3 3 4
m 27 May 211 ®) 95.5 9.2 12 2 10 12
m 1 July 217 @ 107.8 (0.7 5 5 2 3
m 16 July 209 (16) 98.4 (19.4) 15 8 7 3 7 5
m 26 August 215 (na) 125.0 (oa) 1 1 1
m 20 Scptember 238 (16) 146.0 (25.8) 13 2 11 2 9 4
v 17 March 206 (na) 108.8 (na) 1 1
v 23 April 212 (na) 92.7 (na) 1 1 1
v 16 Scptember 251 23) 182.0 (53.2) 3 3 3

* analysis not finished

16




Table 5. Ovarian stages and fat index for age 1, 2, and 3 female kokanee sampled from Coeur d’Alene Lake in 1993.

Age Sample Date Mean Fork Mcan Weight in Sample Ovary Stages Fat Index
Length in mm grams (SE) Size
(SB) 3 4 5 6 7 1 2 3 4

1 17 March 7 32 0.7 11 11 11

*1 23 April 3@ 35 (0.6 14 14

I 27 May 88 (6) 69 (1.3 11 10 11

I 1 July 109 128 Q.1 7 7 7

1 16 July 120 (5) 17.5 2.5) 10 10 10

*1 26 August

I 20 September 142 (1) 32.3 (9.9 14 14 4 7 3
I 15 October 149 (11) 354 8.2 10 10 1 2 7

I 17 March 138 9 238 4.7 9 8 1

ho ! 23 April 139 ® 2.6 449 20 15 4 1

I 27 May 138 ® 26.3 (5.5 22 21 1 19 4

I 1 July 150 ®) 352 4.7 17 16 1 17

i} 16 July 166 (16) 51.2 (19.5) 12 10 1 1 11 1

I 26 Avgust 174 @ 61.0 4.8) 21 19 2 18 3
I 20 Scptember 182 (16) 67.8 (20.4) 15 10 3 1 1 1 4 10
i 15 October 178 @ 73.1 4.7 17 11 6 17
m 17 March 206 (9 91.8 (11.7) 20 1 19

m 23 April 203 (12) 827 9.7 7 7 7
m 27 May 206 O 93.8 (11.3) 13 1 12 6 7
m 1 July 217 3 14.5 4.49) 7 7 3 4
I 16 July 207 A7) 95.7 21.7 9 1 3 5 3 3 3
m 20 September 240 ® 145.0 (10.6) 12 12 1 11

m 15 October 238 (10) 142.0 (15.0) 4 4 4

v 16 July 222 (na) 116.0 (na) 2 2 1 1

v 15 October 240 (na) 159.0 (na) 1 1 1

* analysis not finished
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Table 6. Effects of third summer growth rates on maturation schedules of kokanee males.

Slow Fast
Vat 18 vat 8 Vat 17

Inenature Matre Inmature Mature Tmature Mawre
Start: Number 45 63 41 [ 7] 41 % £ 52
Mortality 0 4 2 2 0 8 1 6
End: Number 45 59 39 ()] 4 68 39 4%
Percent Mature 58.3 60.2 5.0 56.5
Start: Mean Fork Length 230 202 30 B
(cm)
End: Mean Fork Length %2 2710 B %) R 40 00 20
(cm)
Start: Mean Weight (g) 148 (41) 134 (36) 143 O 134 (40)
Start: K-Factor (10%) 1.126 (0.083) 1.146 (0.072) 1.140 ©.077) 1.121 0.094)
Sept. 29 1993 K-Factor 1.021 1.013 1.237 1.200
(10%)
*End: Mean Weight (g) 141 20 13 178 302 486 3 393
* Weight estimated from K-factor (Piper 1970).
Number in parenthesis is one standard error.
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Table 7.

Effects of third summer growth rates on
females.

the maturation schedules of kokanee

Slow Fast
vat 7 vat 18 vat 8 vat 17

Mature Imature Mature Ienature Maturc Bunature Mature
Start: Number “% 2 50 38 © 21 6 38
Mortality ] 2 0 1 0 2 2 3
End: Number 4% 277 50 37 0 19 s8 35
Percent Mature 38.7 @2 25.9 38.8
Start: Fork Length (cm) B 3@ 30 B
End: Fork Length (cm) BQ 2% () B %) 20 20 28 0) 20
Start: Weight (g) 148 (1) 134 36) 143 37) 134 (40)
Start K-Factor (10%) 1.126 (0.083) 1.146 ©.072) 1.140 ©.077) 1.121 (0.094)
Sept. 29 1993 K-Factor 1.021 1.013 1.237 1.200
109
*End Weight (g) 124 %] 123 178 a2 405 263 393
Total Egg Weight (g) 2.1 8.5 30.0 8.2) 65.4 9.9 65.7 (12.6)
Egg Size (eggs/g) 2.6 2.5 240 22) 19.4 2.7 2.0 2.6)
Spawning Fecundity 636 (161) 08 (162) 1254 (156) 1314 (29)

* Weight estimated from K-factor (Piper 1970).
Number in parenthesis is one standard error.
There was no significant difference (randomization theory, 2500 permutations) between the two slow vats (7 and 18) for ovary weight (P=0.81), egg size
(P=0.88), spawning fecundity (P=0.71), and no significant difference (randomization theory, 2500 permutations) between the two fast vats (17 and 8) for
ovary weight (P=0.95), egg size (P=0.36), spawning fecundity (P=0.54). However, when the two slow vats where combined with each other and the
two fast vats combined with each other, there was a significant difference (t-test) for ovary weight (P <0.001), egg size (P <0.001), and spawning

fecundity (P < 0.001).
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Figure 1. Observed growth curve for 1990 kokanee cohort (May 27, 1992 to July 16, 1993) plotted
with back-calculated mean length from four sample dates (April 23, May 27, July 1, July 16) in 1993.
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Figure 2. Observed growth curve for 1991 kokanee cohort (May 27, 1992 to July 16 1993) plotted with
back calculated mean lengths from four sample dates (April 23, May 27, July 1, July 16) in 1993.
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Figure 3. Observed growth curve for 1992 kokanee cohort (May 27, 1992 to July 16, 1993) plotted
with back calculated mean length from four sample dates (April 23, May 27, July 1, July 16) in 1993.
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Figure 4. Kokanee fork lengths back calculated for 1990 cohort fish sampled in 1992 (left)
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Figure 6. The 1990 kokanee cohort change in length and K-factor over the 1992/93 winter.
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